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Vestnik Msshinostroyeniys, Fo 10, 1950.

FogrN. A. Ignatov

'of mathemstical devices for mschanieing cOmplAX;. 28001 =CORBVE.

{hg calculating and statistical accounting processes in the solution of matha- -

gatical problens in scientifi: research ond

feld belong not coly machines for mechanizing mass operatices, Yut also wikque

. b4 highly specialized apparatus for individual

Yy A

* liboratories have mot yet forsulated or. sublitted their

..t.p"a

_processes, nechanisms for reglstering ex iy ; )
experimental 'dats obseived, dsvices for calculating moan. quadeatio mu::;
etc. These facilities present grest opportunities.. me'ue. of & 355318y

considsrable aumbar of research and plenning mmueu, buresus, apd.
1 YTty

facilities as ins 202 TOCOX! observetions 1n'the stully'ef .

' ting end averaging tha mumerigal valuss of the

pepsive mechanism in many cases would have greatly changed the conditions of work,

sccuracy of resulty, ani productivity.

Mathematical uenu- can be uvued into two aain grovps, &evi ‘3'.' sep-
arate. computations, eud ;odenu,ucan'_lpu. | Only certaln well ¢ types.
n this: articl

- ot mndaling dsvices will be trested

s, mnx-urm v,

Many of the mathematical functions: of patural, physical nm,\ﬂweiaed -

.‘:‘g'glﬂm, cannot ‘be solved, in the usual’ form or by the usual mthelistion) meth-
, @vem in cpecial cases, becauss.of the complex, lebor-consming oomputat

ion’

. opelations favolved, :Modeling dévices fatilitate and sccelarsts asyy times the -

soluticn of such probless;: they.

4186 milie possible the solvtion of cilplex equar -

tiong and systess;of. equations vitich could’ nét be. solvad without the Rev

The snalogioal methof 1o based o the design and operatiin of wd

' modeliliy devices.
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eld, i checke
ing of the results obtained will indicate whether it is posstble to got the
proper solution dy snalogical means, SR
. According to V. I. Lenin, "The unity of pature sppesrs in the sstonich-
pertainisg

ing analogousness of differential eguations ‘to the éifferent flelds
of phenomess.” - In coxnection with the use of the amalogical wmetlod, Acedemi-

s —— ——

' wmucﬂmummmunt;mofclupumlp.

R SRt S

he following expressions exsmplify a simple mathematicnd Snalogy:
.'X(M‘ i
F2 = L CH

T ' I

r

- e M2
1?3 = ..:é.. 1!3

The first formuls is the law of universal gravisy; tbe secobd, Coulowb's lav
for electrostatics; and the third, Coulosb's 1av for alsctromsguetism. In all
three forsulas, K is & constant, depending on the dimessions imvolved..

In electricel engineering, 4n the study of transaiseion lines under change-
ing conditions of length and resistance, such 1ines say bs replaced by sn equive-
alent substitution scheme consisting of & definite combination of retiatances,
conlensers, and cloke coils. In an established mothod of vork, electrical ma-
chipes, transformers, and other clemants of elestrical installations can ba rep- s
rosented by equivalent substitution schemes of coils and condensers, In the . »
aeme vay, many mechsnicsl devices such as engine Shafts, tacns, amd:girders, .
iz tSe stuly of certaim processes, can be replaced by & tsevim of Springs, mASKGS,
mm, Mw. ) ’ X .- e ) N

¥ In the simplert Sypes of equivalent oecillasing systens, un-?um of m-
eﬁmmmrunﬂmutothem,otwwwvm;w,
to-the imductance; the dsaper, to the resistance; and e mass, to '*a SApaci=: -
mo4 ’ . . o 4
 Newton formlated the theory thet in dynamically similar systems, corxes-
pondisg forces have the same ratio as the product of the square of the carres-
gondisg lengths, the squars of the corresponding speds, and 'the first power of"
the correspunding densities. Buch ratios ars dssiguated &s criteris of similer-
ity. Criteria of similarity are necessary for the construction of models. '

lot wmtil 200 years lster did Acedemicisn A. K. Krylov-and othey Buasiam -
scientists maké use of Newton's theory. Zhey Caveloped it aloAg materislistic

g::l, adapting «11 the valusble points of the doctrice to modern teckrical ton-

ons.

)
5

2 mma_wcmunhhvuchm of idemticpl physical mature uith tis
original i8not dlvays possible. 1t requires a grest daal of time mmg;m
mmm, 4t is not sufficiently sccerate, sud may even-distort the
phenosenon, .. Therefore the tendency has been to model in that nou'ottgp‘yuu
whche the phScass is most comvenient and simple, Wherp 1t is posriblo X5 get o

B : -al-), e : . A

N P .oy )
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’ ditions of the problem and the results in its solution dsterxine the. priveiple

“ o s dystame of 'mcmén analogy are kpown. Tho most recest apd

-
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certain untversal{ty ¢f model, amd vhere, fintlly, = scda} cep
which makes 1t possidle, by simply matching invarfedls coaZficiupts
conditions of the squation, ‘o ve ap eguation which dowe Weh GEmit of aiw
£ion 3n the ordinery forw. It follows that dymamical modiels must uuoa.
which tranowit the dyasice of ihe phencmsnop and the procesd, &ad shet the.
models thepselyes gust be ytilized ed “slide Tules” of the Nighest class,

Thus, & nusber of wodels have boen developed Which #rw charecterised By -
the class or typs of differentiul egiations in methemsticel shusies o viieh
Muemﬂnwmm&pmfm;mmntnluthdd sl
research into piysical processes wnder cosditions formulated with mihenaticel
sccuracy. A muber of these designs can te carried to such § polut of scowracy
and productivity that some of them can be conditionally sdapted. tg the qlese of .
mathemeticdl machines usod for numerical integration of difterenidal equations.

i

The nature of e megnitudes- to be used by the machine to exprass $he con-
of design sud the type -- mechamical, hydraulic, electric, ete.

efticlent at present is the third system of elactroanalogy, worked out and forg-
ulated: ¥y L. I. Gutepmakher, which makes it possidble to represent all the ups
known wverisbles in the mechanical systes by only one physical magnitude -- volte
age &t specific points aloag the electric circuits. The voltsge at one point
in the circuit corresponds to the permutation; at amother point, to the spéed;
end at a third point, to the mechsnical power.

The aulber of varisble magnitudes in the modsl has not, on principle, exy
11t tations. '

Each of the types of modsling devices mentioned i¢ clsarly represented in
the UBSR. The priority of Russian scientists in each of those bxanchas 14 jin-
@sputably confirmed. Nowever, the most highly developed, aot oxly for si} #ciens -
tific research activities, but also for erginsering practios, are the election
tybg modals an? integrators developed at the Acadeny of Sciences B8R by the
electromodeling ladoratory under the direction of Gutemaskher. S

Model BLE-1k (6) 18 beimg put into series production Yy the Wmistry of Ma-
mummmmmumummcmmm%
' (6,)wwinucuumtmmhmuumnmmﬁmﬁ:ﬁs =
gree or 1ts equivalent,/ o

The electrop tube istegrator, Typs ELI-14, developed by L.-I. Gutewmakier
and B. V. Xoral'kov, i a table model intended for saalysing phusical procesads
and tecltical primciples, vhen this amalysis can be reduced to-aa epproxisate
sclution of & system of six ordinary limear differential equatiems with comstant
coefficient 6f the following type (I): ’

By ;1- + "u¥e+ ‘12‘21-‘13"3+ e T R U
by T2 Sory 4 Senve + SES4 SN + Sa5T5 + %6 . 0
by -‘Eﬁ + 8317 4 832%2 + “33*3+ aXy 4 83354 836% T &y¥

3

(1) ' CE - C
h)‘;?_ + “'lxl*“mfa*%a":* STy %55 + "6 E e |
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By S04 mR ik Sglp + Stttk st s T %
v 6 4 aen gttt ottt UG T

wnder the arbitrary initigl copditions TRy “é'ogag‘ xw ;g,awg ’&’m?

gned where t - indppendest ysriable (¢ime)s &5
:g‘;g; ;::15; % wre o &»fﬁ‘m functions of time (1), that 45,
ﬁhﬁﬁmlm at specific poiats in the schepe of £hs ixtegrater 1in yelp-
tioaship to the neutral point (earth). _

) the form of
One equation of the sixth degree can be easily reduced to 5
(£); Mauiln 2180 tyug of high-degree equations vith constaat righ tqlwi mm»-s .
mathasm'ntthcdeg-oesotuhichdoe-not.xcqodu.:,_uthe: :vo .-
I5) s sqeten of three Squations of the secand degres, (£) a systam of two gqui-
tigns of the thixd degree, end (3) o system of two equatiozs, one of the secomd
dogree opd ome of the fourth degree, etc.

¢ be gek tpby

the ‘ELI-14 integrator, the values for g, vith eny index, csn ‘ y
the cﬁqututfﬁ of boasting blocks, arranged in grups, wWith three blnﬂ{n qash
o8 $he yight smd left. In each of the six boostiag blocks are 17 moveb : ;gﬂ
bolits cotis. Tvelve of these coils serve for the assiguuent of ooeﬂi;l?nf
of g, within the limits -1 to +1, and vithin /a mavgin of erzor of/ 0.01; four
of the lever cofls arp intemded for assigning the coefficient of b, vit_ki:tﬁp
limits 0.1:to 6, snd within /a margin of error off 0.1. Tthe error u_u::d -
wp the values for g apd b does not exceed the magnitudes ‘50.01 for &th 20.]
for j, which amounts :to £ 1 percent of the maximum possible value of ‘the coef

ficients, 1 for g amd 10 for k.

1, A comutator for assigning the mmw af the fupctions
for t:ﬁe:u:tqgﬁtm t = 0, emd another for ascsigaing the right-hand nqnbgcl of 4
the equations, which are invarisble. .

ore being solved on the inmtegrator, the given systems of equations must
be co:.v:mt to the type of systea (I), and the lattex monloe in matrix form.
The solution consists of satting up the given magaitudes for g Mh‘ww::,
of the commytators, amd messuring the proper pressures. wva‘mvu
of the curves obtaincd gar be made Dy means oI 3 qnthodomolculmh, .which
makes 4t possible te obtaim all the unkyowa varisbles in the fuactics’ gl t:m,
and the fumctiopal dapendence Of each uskmowa variable upds amy Of 31x 0 eu.._
Integral curves caa be photographed frem the screed of the cathode . oyol;}p_
graph. More :accurste photographiag cam be dome Py using ;“Jm Qeelllc 1,;
and more accurste maasuring by a device for peasurisg ins taneqns tq.gpi [ :
axy poiat: N 5

- - %he solution obteimed in cme part bf the imtagrator q;; b senignpd s the
right-hand compcments of equations which ere beiag solved Lo asbt

oh have Tightibak pest of S,
integrator. Thus, equations cam be solyed vhich have 1 and mesde Abe,
ty';z?rlm; 1tkt; etc. The utilizatiomof part of the syperatus for obtuu{psrtgﬁ
hand pembers im the form of fumctions qf time lovers ‘eccoxdism t&e\ggé‘piﬂuk e

degree of the equatiom in process of -i’guuon.'._

s o are 1,190 x 890ix 635 Ak1iipeters. TG volght is
S nareons Opexa’ gt‘hﬂm'm:;":he apgu-i"_' qu requires o -abfiict. current t'moo '
.1

v
/8

280 { ’ * . N i SN e
, yol tability O. cont, ground. percent), and girreat d R-:O,f-j;oaﬁ_ P
. ::‘I:E: C(D:' altera ::“n' .? m ot of g volits (22?3050;35) Mgua‘tm‘n 0’ 3.5

4
NI
;o
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The ELI-1% integrator 1s dssigned for the amalysia of tranmitiopal yrac- !
in acutal engineering instadistions, machines and SUPArstd, The ©
::::: ﬁmzchuew;'thi fcal processes in such systews gpe wﬁ

by the Fach that small varistions in the coefficiests, criginal sonaitions,

tional processes. The easignment of specified paramecters s done in enginger-
ipg practice op the hasis of computation or seasurements. I actual ivstalla-
tions, as s result of saall outside infiucng¢es which are alveyd present, and

place within it.

If, in the examinaticn of a concrete problem, dafinite physical values are
assigned to the parsmeters, this has meaning only oa conditica that
variations in the parmmeters do not substentially change the character of ihe

v actions, and that the pertineat katwmpmu-mm‘nor of the
theoretical model.  Such behavior characteristics as are mot yetained iz the
model ‘in the case of small variatiops in the form of the differential -wquations
and the magaitudes of the porameters, have no physical intexest, simce they do
not reflect the properties of the actual physical system, Those oysteus whose.
tntrmaiccoupomwnmunsodumuwmormm .
physicul systens. t

The ZLX-14 integrator, vhich is intended for the stuly of transitional’ v
processes in sctual installations; can be utilized for the folloving purposes: :

:
:

1. Por studying transitiopal processes in electrirpl systems, machines, snd -
agparatus, particulsrly for computing such data undor emorgency corditions apd
commitation precesses; also for analysing transitional processas in svachronons
generators, and voltege and short-circuit conditiors iz electrical installe-

tions (vith linear uurpefgg'b;qp of the problems). ' T
s 2. mm muumu procesges in mechanical, mmn, snlréa .
colving-emplifying imstallations. : coke : P
3. For 'mmwm-::t- in the pertmnt techucal ,f?;’;df' o
¥. Yor plapnicg, destigning, and tuning Dodera systems of autcwstic regule- .

tion and control in vidsly Aifferest technical f1slds -- emergetics, machsgles,

optics, tharmotechuics, utllinrg, etc.

. : 5. For 1llustration mu-pl'uu courses im sechesics, m,m-
setics, construction work, ote.,!in higher techmicel sckools &ad wiversittes.

Basic erxtffs in the solition of problems on the KLI-Jb aye due to Qe fol~
lowing fectors; an error.in assiguing the values of the ogefficieate, ihe ini-
41al conditicns, and the right-hand mesbors; an error as the result of Prequamey
or ponlinssr distortion in the diosters, or to instakility of ‘thy mﬂm
- factprs of the Bacstors; dn efror i comverting the egmticus; &k o dus %0
the 1cading of voltago dividers vith currents through coupliag resfatances; oF .
I,nqmnm:uulu.‘*g ; ’ K : .

. R . ! . : _‘" ’ - R
_ It is @4ericult to tnh;.sic:sm ¢2 thage errors. 0 eiagiify statement of
Y " tha problem, they are ascribed td the coefficients. A resulting errqr of this
' mumu“'mﬁﬁﬁlmmummﬂﬁ*m Z4c1eBts.
Vg : . e
. The ssosupement errcr in phatographs takeh from & siregh vheon cathode; ¥ay
oscillograph EO-5 1s used amdimts to 10-15 percents thé noasurement efedr in os-

S5
s

cillogrens of s loop osgiXigErabh ia from 2.5 pevcebt; the Reasureaent srvor,
vhan § msasuriny. device i3 ured, s Q:5-2 pergent 10 sagliteds wid: @5 percest
in time, Wmonmtozﬁottpgmd!‘tﬁfmm OseIs.
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!hz- ’"m werston, cave, M
converafon, &

"+, Hydrsulic’ 1ntegrntor 16, the uthoﬂ and basic pr;l.neiphl of men vere ntmd

. qution in psrual du'intinl. :

-1

.y ;,, .

"§£GBEI . o

5OX1 -HUM

thu Ahsolute

ricients

: ~MM‘*~'~’“ .
L) i i L ;
e The approxlmtion emr 1n whe coeff;cientg & 0 u‘n,qmmts o -ore
than:’ to S poroent qt ths«nihe oﬂ the -u:[ﬁw coem&i?b' :
S R
, '.l'lpse pmblm, -m tho ‘golution ot-:mich ap. exror '} the nm aoz;n e
as an -error in the .aesignedcoefrigionts,: mvm condgd 540k risht-vhnnd.
cmonenta ) appear -maet siguﬁ,cm in prn.ct:bcq. MW wine .
gtallation. .HaWever, it can be generally estimated that: the. fork of th& in- .,
tegrator, from the point, of viev.of the accuracy of the ‘coekficients, 18, within
tie 1imits of - £1 percent of g and p: There may be. cales, mrthelul, ‘vhere
greater, aceuracy -than -this ie req,um DR ,1
- Slapee e
!l'he t:ule ‘copgumed: in. lolvl.ng e problen on thz m-m d.ncl\u{es* ene td.ne v
requi.req, fox:converting the eqmticnl 120 & form. mven!.dnt :for: lol.ution, for .
adjusting ~apd,checking ¥he integrator; setting up the magnitudes for g -and }z,
oblerm and -baking, meagurements; computing the sgales; repeatédly setting up
the problem and comparing the #olutions in order to eliminate accidental exrors
and f&nallx, uuuﬂ.yin& the effect of - varia.tion of the pu'ueteu B ,..
Tem, &Y et o :
The convernion of the equations is daternined by the ch&'ecter of the prob-
lem, spd lay me 10-15 ninnte- o or in certain. ooxplicnted cases, mveml, hours.
RIS B VI
The - ntegrabor opcr&tu pteadily throu;h an 8-hour worldng day About 30

A4

ninntel, 1: required for auuntins and checking.the parts. . R

The lqutién of a problcn -takes from 10 to 30 aloutes, It ‘then appean .
on: the screen Ofthe caihiode ray oscillograph in 0. 1 second. The, muurins Lor.,,. ,1--
¢ single instantaneous value with the help of & measuring. davice requires not",,

nere-than 30 seconds. - Photographing Irom the ‘screen of the. cathode TAY oqcilw
mh,.te.hes about one: ‘wipute for one print; recording vith a doop oacﬂlomph,, ‘
spyroximutely the. s time. Computing the scales takey from 10-15 sinutes:, &ndi
nmw ﬁe'uoln lon-of a'neV variant, about: one mipute. B

. leuuuns dnl’ pho'bographins dre done as a rule onJ.y for miants obw,ud s s
By the cum m;oncillograph. - X R
i 0 Lah ‘\" R :,
E;mermn‘ﬁ&mgpln of electron tube mtcputorl of the m tm m M‘ )
mulgk&m:,:ahy In particular, the ELI-2k was produced, for sedvisg 24 .
apglogical differential équatlons of the (1) type. It is also pogeidle to ghgqm- © .
¥le the proper quantity of blocks for h different mmder of eqmations. mm-lz,
{or example, 5 med to lolvexa systea or 12 wm-mm qnnl.ou A"am )
> ;L THEN S
P . ‘l \: , )' !
.Electronic utcarator lI-la serve 6: the sol.uuon of lﬂtmntul
tim in partiel derivatives’ éf an ptical type, umder arbitrartly mm o
conterminous ' conditions. - Empleo o( u.:h aa equation ars the cgnuttqu of an,‘
ylace. and Boum, end eguations of ve r potentisl. Uader the proper cgntom
wous conditioms,” solutiod of the freq uy encmtml mun- of nmm:et a:{a. '
Newsann is men poluble. I

by:Professor V. 8. Luk'yanov.in 193k, L‘u the first sxeaplea of vh(eb; Vere assgms - ]
bled in 1935; “4s used for studies aund. domputations eﬁm ‘Jarge clags of phapomens -
end processes mathematically characterized by the & 3 ton bf éitrep@nu.ql
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It is sigpificant .that & Elven GQUALHT -ou il aml o Rend FORTE gﬁ 3
" cénditions aesigned muwerically or graphically. ,%“:,‘%? St {uty in

X+ : " method Be
a ite differences, -Tue gnslggical method hexs :
. iﬁtﬁinlesf:rn the .pipes of. the ta.}layion \d},ié}:t:’ ' 1!& : pAidd -
P AT AR b

atyres, pressyres, ot oUbr ‘aveas of fhe grong pecticnd efTébe

80114, the areas of the g¥rofg.gech % -

teperaturo variations 102 B0 o o ew of thé elemansl Yolvness the b ¢ |
bowpr con«p_on: ::mnmt:‘.o:onn:g:hg the.‘vgue_]_,'q correapond 0 the thergha) re=

:::iﬁg'gﬁ.ﬁg 4he clementel volumes; and the dfscharge of water, to the ovw

of heat. e »
| jeasuring hydr egFator;
tal plant mode) of single-measuring hygraplic iub _ .
~\ . soe 'fg_{xf:rm;auggep sted for production in 1950, These sin t:’"”u?{:t::
E f‘v{?:etl are to'bg widely recommended for demonstration purposes in trajning in
L - ‘tutions. i} .

, tintegrator, the 1@-2 (19k1 -
lermeaguring type of hydraylic’ integre ’ (
: 191;5)? ﬁ&'ﬁﬁ&-"‘ﬁ‘;‘?g; units, two devices for a.u-ignins ggn::;;i;owlzo?%ﬁou.
Do " iums" with floating vessels, and two soprce .
vy ‘v:'%z:r 2::;\(“1:; mtmrgoctiqg the designifor production, it is planned to put
»%%" ' but sn experimental form of the I10-2. Ca

: of Professor V. S. Luk'yanov can be widely used
f _ hydrgt%},ia inse?rator 0: tech:nhgv.-- for studies and calculgtions in
1Wl,¥ vq.r:ioua_ fi:ﬁu:fe;;e::c:r%umutm factors upor the durability of archi~ .
et ' x ;rmal stability of rooms; for study-
-+ tegtural installations; for analyzing the the 8 i apon (v poa
the y of vater filtration in the soil (for purpo ,land T
ﬁgnfh:eg;;i:ﬁ?epgiwgu, etc-.-).; 'r,o;" conputi;;g :::1 xtz:::,::::: gt :::;:;‘ af
- .earth; for studying irrggular thermal phenomena in king ¢ g Rrk o
' i tallurgicel and wor] . ;
oW mpmngx‘;‘for‘c_glculgtions in the me 1 el vion,
: ' A erature bshavior of the oou lnder various c. £
hr ;iﬁ%ﬁﬁ;?’m “of_soils, and surface hebting;: for calcylating the w“; 1ntm
Ny gector in bujldipg rai}rosd cars and locomptives) and for computations 1nvolviag

* the, presefyation and dryljg of wood.

S ]

o

Sanitized Copy Approved for Release 2011/09/27 : CIA-RDP80-00809A000600370801-1



